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Letter From the Associate Administrator
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Two sections of muscle fiber obtained from an
astronaut before (left) and after (right) spaceflight
illustrate the atrophy that occurs over time in a
microgravity environment. The muscle section on the
right has thinner myofibrils (a functional unit of
muscle) and white lipid droplets, which indicate
decreased functionality, or atrophy. This electron
microscope image has been tinted for design purposes.
credit: Dan Riley, The Medical College of Wisconsin
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Recipients of the Prince of Asturias Award receive 5
million pesetas (just over $27,000), a sculpture (shown
here) designed by the late Spanish artist Joan Miró
especially for this award, a diploma, and an insignia.
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For more information on OBPR REMAP activities, contact Mark C. Lee, Task
Force Executive Secretary, at NASA headquarters: mlee@hq.nasa.gov.
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Eighth-grade winners of an essay competition from Walter R. Sundling School in
Palatine, Illinois, helped to load macromolecular crystal growth samples for
transport to the International Space Station aboard STS-110. By involving students
in his research, Principal Investigator Alexander McPherson, of the University of
California, Irvine, has encouraged their interest in biology and space research.
Here, Merle Myers, of Marshall Space Flight Center, demonstrates the loading
process to several of the competition winners. 
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Human Physiology Research
Staying Fit Along the Journey
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Getting a Workout 
in Space
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Exercising in space on a
cycle ergometer and other
suitable equipment can 
go a long way toward
lessening such conditions 
as muscle atrophy and 
bone loss, which occur 
in microgravity.
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The stimulus of gravity affects
RNA production, which helps
maintain the strength of human
muscles on Earth (top), as seen
in this section of muscle fiber
taken from an astronaut before
spaceflight. Astronauts in orbit
and patients on Earth fighting
muscle-wasting diseases need
countermeasures to prevent
muscle atrophy, indicated here
with white lipid droplets
(bottom) in the muscle sample
taken from the same astronaut
after spaceflight.
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OBPR researchers are studying the
effects of microgravity on how
messenger RNA molecules form
protein molecules that maintain
muscle strength. Practical
applications of his research could
lead to finding how gene therapy
(through pharmaceuticals) and
exercise could work in concert to
keep astronauts’ muscles strong.
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OPG could be an effective
countermeasure to bone loss
experienced by astronauts and
by patients with osteoporosis.
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Astronauts experience a cold-like sinus and nasal stuffiness and a rounder, fuller face
called “Moon face”(right) when the barrier that normally prevents fluids from passing
from blood vessels into surrounding tissues on Earth becomes ineffective in microgravity.
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In a world of its own, the ISS provides scientists with the opportunity to conduct long-term research in
microgravity. The various OBPR research divisions have projects either in progress on the station or
in the final stages of preparation. Clockwise from top left, research projects as diverse as growing
plants over multiple generations, growing protein crystals, detecting neutron radiation, and
developing hardware to grow zeolite crystals for commercial purposes will take advantage of this
one-of-a-kind laboratory in the sky.

— 
the Universe
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What Is Orthostatic
Intolerance?
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Research Update:
Bioastronautics Research

Dizziness in Astronauts Leads
NASA Researchers to Find Genetic
Cause for Orthostatic Intolerance

Orthostatic intolerance manifests itself as a
drop in blood pressure and flow to the brain
when a person stands from a sitting or lying
down position. (Pressure is measured in mmHg,
or millimeters of mercury.)
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Robertson’s research team included Italo Biaggioni,
Rose Marie Robertson, André Diedrich, F. Andrew
Gaffney, Andrew Ertl, and graduate students Sachin
Paranjape and Robert Carson. These research results
were published originally in Robertson, D., et al.
(2000). Orthostatic intolerance and tachycardia
associated with norepinephrine-transporter deficiency.
The New England Journal of Medicine, 342(8), 541-
549. For additional information on Robertson’s space
research, visit http://www.mc.vanderbilt.edu/gcrc/
space/. For additional information on orthostatic
intolerance, visit http://www.ndrf.org/orthostat.htm.

David Robertson, director of the Center for Space Physiology
and Medicine at Vanderbilt University, was trying to find
the cause of orthostatic intolerance (dizziness) in
astronauts when he discovered a genetic mutation that
causes the disorder in some ground-based patients.
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Research Update:
Fundamental Space Biology

;�����8���������� �����
����
��&��������%��$�������
 �������
���������������
�%������������

��������
��������������!�"������
�

���
�
 ������������
������
�"�����

���%�����������!�����
 ����
������

�'"����% ��

���
�*��% ����������������

+�������������� ���������������&�
 ��&����� �� ���%���������  �����������
��&������%��$����
 ���������1������
 �����
��������(���� �����%�
 �������
����������"����������1 ���������������8�
������ �����
��
�
�� �������������������(
����
���� ����������

��
���������%���
���&�����������������"������������ �����

��
��
�����"�������

��(��������������
�
������������"����������#��
����
� �
��
"��
 �������&����
�������������������
���
��������&��������� ���������(�

Sperm and
Serendipity

+����������
������������������
�����
 ���������������
���
�������������������
���������� �������&���

��
���������
�������� ��&�
!�	
�
������ ���+�&�
�������
9�
� ��.�
�!��������H��&��
�������=��
�

��������;�����!������� ����� � ���"��H��
'��������!������������;��
����������������!
>������!�����������0��&�
�������
(�.��
 � �����
���"����1 ������������
���
���
%�����"����
 �������������%�
�������
��
%����
�",�����������������(�.�
��
���
��&���
�������'���������������������������%���
��	
�
 �������������
��$������
�����

 �� �
��
�����
������������������
���
��������&������������"���������
 ����
���
�� ������!�����.�
��"����&����������

�%����
������%�����"�������������
��������&������&��������!�
����

�"�����������
������ �� �
��(

.�
��%�
�������
�������
����������
�������!
���� ����

�"��%�����
 ��������4����6���
���&�����%���������������8��������(�-��
��
!
4*�� �� �
�������1������%����������

����������
���������

��������%�������
����&���������
 ���!�������
������
��������
����������
��������
 ��������

���������%���

���������������������!�%�����������������
����������
������������&���(6�.��� �� �
��
%�
�
��������������������������0"�
���
�����

����
�"
�#������������������
�����
(�

Sperm vs. Eggs
.�
��������
���0��&�
�������
����
�

���
�����
 �������������"����
�������%�

%�����.�
��
�����������
������������
�����!
"�����
��"����
��
 ��������&������
����
�������!�
����!�����
�����%����������������
��������������(�*�������
!����
�������������
�

�

� �

�"���������
������������������
��
����������������������
������������&���
%����������
���������8��������(�	���
�.�
�!
4*����
 ���!�������������&���������������
����������������������������%��������������
%��$����������(6

� ��������
��������
����������"�
������������������������������
(�.������&�
,�
���%����������
/���&���!������������8���
�������(�2������8�������
����� �

�"���%������

 ������&�����!�
��
�����������������������
�"���������
 ��������
������&���
���������&���

�� ���%�������

�

����
 �����������������(

2�����
���
�����!�.�
�����
������
��
��
�������
 ����"����
������
 ������������
�������������
 �����"�����������������

���������������
!�"���������������������
����������&����������&����
�������������
�
���
 ����������������
 ����
(�.�
������

�����
���������
�����������0
�������!�%�����
�
�������������
������������"���������
�������8�����(�;��������������������
!���
���������
!�"��%��������
����������
�
���
��������������
�
���
���$������
��
�������������������������"��������"�
��
��������������������� ���������� ������

#��
����
����"�������

���"��
�������
����������
�
���
(������������
 ������
�
 ��&��������������"����������
��&�&�"�����
3�����������"��������������������
�����

�������
�������%�������������
�����(�

First Steps
.��
��������
 ���������
 ���!�.�
�

������
���0��&�
�������
��
�������'��� ���
� ����
������
��'�
�
��������$���������!
��������
���"������������
��������������
�������������
����������
���������

���
(
.�����&�
�������
�%����
�  �����%�������
����%������������������������(�.���
�
������
� ��������������
��������������
����%������
������������������������������
���������
�����
����������������������
$
������
%�������#��
����
������%��������
"�����������1 ��������%�
�������
���(�4+
����$������
�������������������� ��������
%���%��%����
��
����

���!6�
��
�.�
�(


 $����
 ������������1 ��������%�

���������
 ����%������������������&��
����
3 ������
!������%����������&����3�%���
�����%����
�����������"����"���������
 ���

������( :�������������8���������
���������
!
����&�������������
 ���������
������

�����
��������(�� ������������&�����"���
��������� ����

 ������� ��
 ����������!
%�����
��
�������������
�%����������
 ���
����
������
����������
%���������%������
���(�
 
� ����� ��������� ����

�
�� 


 ������&�����(�:������������ ��������
�1 �������
!�������
�������
� ��&�������
����
 ����������"� �������������
�����������������������&��
���� ����������
�
�������
�"���������������������� "��������
��������1 �������!�%������������� �
������������������
�������������(�

.��
� �����������
��������&��&��
��&��� ������%����������������
 ���

������!�%�������������� �������������
����(�.�����
�������
���&��"�����"�����
��� ���������������������
 ��������
����������
 ����
!������������ ����������
�����������%����������  ���������������
����������������
���!�
 ������������������
����������!�
������!���������
 �������
����
�����
�����"�������!�
�����
�%������������
%�
��
����"�������
�������������"����������

������������������� ������������������(

Will Space Travel Affect Reproduction?
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The purple sea urchin,
Strongelocentrotus
purpuratus, is a widely
used model for
studying the biology
of fertilization because
the mechanisms of
its sperm movement
and fertilization are
well-known. Sperm and
eggs are collected
during the spawning
season. On the left, a
spawning female sea
urchin has deposited
eggs, and on the right,
a male sea urchin
has deposited sperm.
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For additional reading, see Tash, J. S., & Bracho, G. E.
(1998). Identification of phosphoproteins coupled to
initiation of motility in live epididymal mouse sperm.
Biochemical and Biophysical Research Communications,
251, 557-563; Tash, J. S., & Bracho, G. E. (1999).
Microgravity alters protein phosphorylation changes
during initiation of sea urchin sperm motility. The
FASEB Journal, 13, S43-S54; Tash, J., et al. (2001).
Fertilization of sea urchin eggs and sperm motility are
negatively impacted under low hypergravitational forces
significant to space flight. Biology of Reproduction, 65,
1224-1231; and Tash, J. S., Johnson, D. C., & Enders, G.
C. (2002). Long-term (6-week) hindlimb suspension
inhibits spermatogenesis in adult male rats. Journal of
Applied Physiology, 92(3), 1191-1198. For additional
information on Tash’s research, visit http://www.kumc.edu/
Pulse/resources/shuttle/tash.html. 

To be able to study the effects of microgravity on sperm motility, sperm
had to be collected and stored in an inactive state prior to launch. Tash
and his co-workers developed a new sperm storage method that did not
require freezing of the sperm.
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Plasma, Plasma
Everywhere 
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Research Update:
Physical Sciences

Serendipity in the Laboratory:
Dust Busters and Dust Seekers
Find Common Ground
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Dust-free environments are essential for the semiconductor industry,
which uses delicate deposition and etching processes that repeatedly
expose silicon wafers to plasmas.
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Dark black dots can be seen forming a regular
hexagonal lattice pattern as each dust particle in this
dusty plasma crystal is surrounded by six neighboring
particles. The particles in dusty plasmas all repel one
another because of their negative charges.
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Sound waves near a loudspeaker cause air particles in
their path to move in a repeating pattern. Goree’s
research uses laser light to move solid particles, less
than 10 microns in diameter, in a plasma crystal.
Shown here, the resulting movement of the particles
creates a pattern of sound waves similar to the Mach
cone from a supersonic object in air.
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Research Update:
Research Integration

Microgravity Helps Industry
Characterize New Metal Alloys
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Casting products range
from the simple to the
highly complex. Products
as diverse as bolts, engine
turbines, and jewelry are
all made by the same
process. Some castings,
such as this turbine, are
made in parts and must
be welded together to
form the final product.
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Solid Plans
for the Future
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For more information on Overfelt’s research and the SDC,
visit http://metalcasting.auburn.edu on the World Wide
Web. For news on the commercial space centers in
general, visit http://commercial.nasa.gov. For additional
information on the American Foundry Society and the
foundry industry, visit http://www.afsinc.org.

Metal castings are made by heating up metal (often in crucibles such as these) until the
metal is liquefied, pouring it into a mold, and then allowing it to cool and solidify.
Studying such melting and solidification under microgravity conditions allows scientists to
discover characteristics of the metals that are hidden under the influence of gravity.

For large projects, metal is placed in huge crucibles, melted, and
then poured into molds like these made of sand or other granular
material. By learning more about the properties of metals through
microgravity research, scientists and engineers can improve their
processes and produce higher-quality products more efficiently.

�@�@����������Space ResearchSpace Research



Principal Investigators Help
Students Reach for Space
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Martin Glicksman:
USMP – 4 Leads the Way
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Mary Musgrave:
LEO Then Beyond
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Education & Outreach
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Students who participate in hands-on
experiments learn and understand
more than those who just watch. Here,
college student Pratima Rao, who was
directly involved in the Isothermal
Dendritic Growth Experiment, shares
her insights with elementary school
students during an educational
outreach activity at the Rensselaer
Polytechnic Institute in Troy, New York. 
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Aloke Chatterjee:
Mentoring Students
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Reaching Beyond 
the Classroom
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For more information on IDGE, go to http://www.rpi.edu/locker/56/
000756/ on the World Wide Web. For more information on Fast Plants,
visit the web site at http://fastplants.cals.wisc.edu/guide/makefp.html.
To read more about CUE, see http://www.jsc.nasa.gov/pao/media/
rel/1997/H97-270.html. To find out more about LEO Then Beyond, see
http://www.cs.umass.edu/~pxhudson/nasa/main.html. For more
information on the NASA Specialized Center of Research and Training in
Radiation Health, visit http://www.lbl.gov/lifesciences/NSCORT/.
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Ukrainian astronaut Leonid Kadenyuk worked with Brassica rapa plants for
the Collaborative Ukrainian Experiment aboard the space shuttle on STS-
87. Through live downlinks, he answered questions from students on
Earth who were following the experiment.
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For more information on Tarbell’s research, see Tarbell, J.
M., Demaio, L., & Zaw, M. M. (1999). Effect of pressure
on hydraulic conductivity of endothelial monolayers: 
The role of endothelial cleft shear stress. Journal of
Applied Physiology, 87, 261-268. You can also visit
http://fenske.che.psu.edu/Faculty/Tarbell/BTDL/rsch.html
on the World Wide Web (WWW). For more information on
Bateman’s research, see Bateman, T. A., Dunstan, C. R.,
Ferguson, V. L., Lacey, D. L., Ayers, R. A., Simske, S. J.
(2000). Osteoprotegerin mitigates tail suspension-
induced osteopenia. Bone, 26, 443-449 and Bateman, T.
A., Dunstan, C. R., Ferguson, V. L., Lacey, D. L., Ayers, R.
A., Simske, S. J. (2001). Osteoprotegerin ameliorates
sciatic nerve crush induced bone loss. Journal of
Orthopaedic Research, 19, 518-523. More information 
on BioServe Research, including Bateman’s research on
bone growth, is available at http://www.colorado.edu/
engineering/BioServe/research.html on the WWW. For
more information on Baldwin’s research, see Adams, G.
R., McCue, S. A., Bodell, P. W., Zeng, M., and Baldwin, K.
M. (2000). The effects of spaceflight on rat hindlimb
development I: Muscle mass and IGF-1 expression. Journal
of Applied Physiology, 88, 894-903 and Adams, G.,
Haddad, F., McCue, S. A., Bodell, P. W., Zeng, M., Qin, L.,
Qin, A. X., and Baldwin, K. M (2000). The effects of
spaceflight and thyroid deficiency on rat hindlimb
development II: Expression of myosin heavy chain
isoforms. Journal of Applied Physiology, 88, 904-916.
For more information on research conducted by Hagan
and other scientists at the Exercise Physiology
Laboratory at Johnson Space Center, visit 
the laboratory’s web site at http://www.jsc.nasa.gov/
sa/sd/sd3/exl/.
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For more information on Goree’s research, visit http://www.
microgravity.net and http://dusty.physics.uiowa.edu/
~goree. Results of research on sound wave propagation in
two-dimensional dusty plasma crystals were published
in Melzer, A., Nunomura, S., Samsonov, D., Ma, Z. W.,
and Goree, J., (2000). Laser-excited mach cones in a
dusty plasma crystal. Physical Review E, 62, 4162-4176.
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